EP 3 913 346 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3 913 346 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
24.11.2021 Bulletin 2021/47

(21) Application number: 20175432.2

(22) Date of filing: 19.05.2020

(51) IntClL:

GO1M 3/28 (2006.01) GO1M 3/00 (2006.07)

GO1F 1/684 (2006.0)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILTLULVMC MKMT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

Designated Validation States:
KH MA MD TN

(71) Applicant: Pittway Sarl
1180 Rolle (CH)

(72) Inventors:

¢ Seda, Libor
56501 Chocen (CZ)

¢ Svoma, Jaroslav
62800 Brno (CZ)

¢ Prajzner, Vaclav
63800 Brno (CZ)

(74) Representative: Sturm, Christoph

Patentanwailte Sturm Weilnau Franke
Partnerschaft mbB

Unter den Eichen 5 (Haus C-Siid)
65195 Wiesbaden (DE)

(54) METHOD AND APPARATUS FOR MICRO-LEAKAGE DETECTION IN A FLUID SYSTEM

(57)  Method for micro-leakage detection in a fluid
system (10), especially in a potable water system in-
stalled in a building (11), wherein the fluid system (10)
has a fluid pipe (12) with a fluid valve (14), wherein a fluid
flow through the fluid pipe (12) is stopped when the fluid
valve (14) is closed, and wherein a fluid flow through the
fluid pipe (12) is allowed when the fluid valve (14) is

opened. The method comprises the following steps:
Measuring the fluid flow through the fluid pipe (12) by a
flow meter (16). Measuring the pipe temperature of the
fluid pipe (12) by at least one pipe temperature sensor
(17a, 17b). When there is no fluid flow measured by the
flow meter (16), analyzing the pipe temperature for the
micro-leakage detection.
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Description

[0001] The invention relates to a method for micro-
leakage detection in a fluid system. Further on, the in-
vention relates to an apparatus for micro-leakage detec-
tion in a fluid system

[0002] US 2019/0128762 A1 discloses an apparatus
for fluid flow detection. The apparatus makes use of a
signal provided by a pipe temperature sensor and of a
signal provided by an ambient temperature sensor. Alow
flow algorithm may attempt to detect flow leaks such as
a dripping tap. If no leak is present during a quiet period,
the ambient temperature and pipe temperature will gen-
erally tend to be close together. If, on the other hand, a
low flow leak is present during a quiet period, there will
be generally a noticeable difference between the ambient
temperature and pipe temperature.

[0003] US 10527516 B2and JP 6611650 B2disclose
other prior art.

[0004] Against this background, a novel method and
apparatus for micro-leakage detection in a fluid system
is provided.

[0005] The novel method for micro-leakage detection
in a fluid system comprises at least the following steps:
Measure the fluid flow through a fluid pipe by a flow meter.
[0006] Measure the pipe temperature of the fluid pipe
by at least one pipe temperature sensor.

[0007] When there is no fluid flow measured by the
flow meter, analyze the pipe temperature for the micro-
leakage detection.

[0008] The novel method for micro-leakage detection
is based both on a flow measurement by a flow meter
and a pipe temperature measurement by the at least one
pipe temperature sensor. The novel method allows a very
simple and reliable micro-leakage detection in a fluid sys-
tem.

[0009] According to a first embodiment of the method
for micro-leakage detection the same has the additional
following steps: When there is no fluid flow measured by
the flow meter after the fluid flow through the fluid pipe
has been stopped, calculate a temporal gradient of the
pipe temperature. If the temporal gradient of the pipe
temperature differs more than afirst threshold from a first
reference value, and if there is no flow measured by the
flow meter, then detect micro-leakage.

[0010] Accordingtoasecond embodiment of the meth-
od for micro-leakage detection the same has the addi-
tional following steps: Measure the pipe temperature of
the fluid pipe by a first pipe temperature sensor and by
a second pipe temperature sensor being positioned at
different locations of the fluid pipe. When there is no fluid
flow measured by the flow meter for the defined time
interval, calculate a difference between the pipe temper-
atures measured by the first and second pipe tempera-
ture sensors. If the difference between the pipe temper-
atures differs more than a second threshold from a sec-
ond reference value, and if there is no flow measured by
the flow meter, then detect micro-leakage.
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[0011] The above first and second embodiments are
preferred. The same do not require the measurement of
the ambient temperature. Such an ambient temperature
independent micro-leakage detection is very simple and
reliable. Itis possible to use the first and second embod-
iment in combination, meaning that micro-leakage is de-
tected if the temporal gradient of the pipe temperature
differs more than the first threshold from the first refer-
ence value and/or if the difference between the pipe tem-
peratures differs more than the second threshold from
the second reference value.

[0012] The novel apparatus for micro-leakage detec-
tion in a fluid system is defined in claim 15.

[0013] Preferred developments of the invention are
provided by the dependent claims and the description
which follows. Exemplary embodiments are explained in
more detail on the basis of the drawing, in which:

Figure 1 shows a schematic diagram of a fluid flow
system;

Figure 2  shows asignalflow diagram illustrating a first
embodiment;

Figure 3  shows a signal flow diagram illustrating a
second embodiment;

Figure4  shows a signal flow diagram illustrating a
third embodiment,

Figure 5 shows a time diagram further illustrating the
first embodiment,

Figure 6 shows a time diagram further illustrating the
second embodiment,

Figure 7  shows a time diagram further illustrating the
third embodiment.

[0014] Figure 1 shows a schematic diagram of a fluid

flow system 10, namely of a potable water system, of a
building 11. The fluid flow system 10 comprises a fluid
pipe 12 running at least partially inside of the building 11.
This fluid pipe 12 is connected to a main water pipe 13
running outside of the building 11. This fluid pipe 12 com-
prises a fluid valve 14. The fluid valve 14 may be a water
tap. A fluid flow through the fluid pipe 12 is stopped when
the fluid valve 14 is closed. A fluid flow through the fluid
pipe 12is allowed when the fluid valve 14 is opened. The
fluid pipe 12 may be made from a metal like copper or
from a plastic like polypropylene.

[0015] The present invention relates to a method and
apparatus for micro-leakage detection in the fluid system
10. Figure 1 shows such an apparatus 15 for micro-leak-
age detection.

[0016] The apparatus 15 receives at least signals from
a flow meter 16 and from at least one pipe temperature
sensor 17a, 17b. The flow meter 16 is assigned to the
fluid pipe 12 and measures the fluid flow through the fluid
pipe 12. The at least one pipe temperature sensor 17a,
17b is also assigned to the fluid pipe 12 and measures
the pipe temperature of the fluid pipe 12.

[0017] Figure 1 shows a first pipe temperature sensor
17a and a second pipe temperature sensor 17b. Further,



3 EP 3 913 346 A1 4

Figure 1 shows an ambient temperature sensor 18 meas-
uring an ambient temperature within the building. The
ambient temperature sensor 18 may be positioned in the
proximity of the fluid pipe 12. Only one of the first and
second temperature sensors 17a, 17b and the flow meter
16 are mandatory units for the present invention. The
ambient temperature sensor 18 is an optional unit. If an
ambient temperature sensor 18 is present, the same is
preferably positioned in the proximity of the fluid pipe 12.
[0018] A first embodiment of the invention makes use
of at least one pipe temperature sensor 17a, 17b and of
the flow meter 16 only.

[0019] A second embodiment of the invention makes
use of the first and second pipe temperature sensors 17a
and 17b and of the flow meter 16.

[0020] The apparatus 15 for micro-leakage detection
has an interface 15a being configured to receive signals
or data from the flow meter 16 and an interface 15b being
configured to receive signals or data from the at least
one pipe temperature sensor 17.

[0021] A third embodiment makes use of at least one
pipe temperature sensor 17a, 17b, of the flow meter 16
and of the ambient temperature sensor 18. In this case
the apparatus 15 for micro-leakage detection has an in-
terface 15¢ being configured to receive signals or data
from the ambient temperature sensor 18.

[0022] The method for micro-leakage detection in the
fluid system 10 comprises at least the following steps:
Measure the fluid flow through the fluid pipe 12 by the
flow meter 16.

[0023] Measure the pipe temperature of the fluid pipe
12 by at least one pipe temperature sensor 17a, 17b.
[0024] When there is no fluid flow measured by the
flow meter 13, analyze the pipe temperature for the micro-
leakage detection.

[0025] The method for micro-leakage detection is
based both on a flow measurement by the flow meter 16
and pipe temperature measurement by the at least one
pipe temperature sensor 17a, 17b. The method allows a
very simple and reliable micro-leakage detection in the
fluid system 10.

[0026] The apparatus 15 is configured to execute the
above method steps. The interface 15a of the apparatus
15 is configured to receive signals or data from the flow
meter 16 measuring the fluid flow through the fluid pipe
12. The interface 15b of the apparatus 15 is configured
to receive signals or data from the at least one pipe tem-
perature sensor 17a, 17b measuring the pipe tempera-
ture of the fluid pipe 12. A processor 15d of the apparatus
15is configured to detect micro-leakage by analyzing the
pipe temperature provided by the at least one pipe tem-
perature sensor 17a, 17b when there is no fluid flow
measured by the flow meter 16. The apparatus 15 further
comprises a memory 15e.

[0027] As mentioned above, a first embodiment of the
invention makes use of at least one pipe temperature
sensor 17a and/or 17b and of the flow meter 16 only. In
the following description of the first embodiment it is pre-
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sumed that the pipe temperature sensor 17a is used for
the measurement of the pipe temperature.

[0028] In this first embodiment a temporal gradient of
the pipe temperature measured by the pipe temperature
sensor 17ais calculated when there is no fluid flow meas-
ured by the flow meter 16 after the fluid flow through the
fluid pipe 12 has been stopped.

[0029] The temporal gradient is also often called gra-
dient over time. If the temporal gradient of the pipe tem-
perature differs more than a first threshold from a first
reference value, and if there is no flow measured by the
flow meter 16, then micro-leakage is detected.

[0030] Figure 2 shows a signal flow diagram for the
first embodiment of the invention.

[0031] In step 20 the flow meter 16 measures the fluid
flow though the fluid pipe 12. In step 21 the pipe temper-
ature sensor 17a measures the pipe temperature of the
fluid pipe 12.

[0032] In step 22 itis determined if the flow meter 16
measures a fluid flow through the fluid pipe 12. If it is
determined in step 22 that the flow meter 16 measures
a fluid flow through the fluid pipe 12, then the method
goes back to step 20. If it is determined in step 22 that
the flow meter 16 measures no fluid flow through the fluid
pipe 12, then the method goes to step 23.

[0033] In step 23 is determined if the flow meter 16
measures no fluid flow through the pipe. If this is not the
case, the method goes back to step 20. If this is the case,
the method goes to step 24. In step 24 the temporal gra-
dient - also often called gradient over time - of the pipe
temperature measured by the pipe temperature sensor
17a is calculated.

[0034] Then, in step 25 itis determined if the temporal
gradient of the pipe temperature differs more than a first
threshold from a first reference value or not.

[0035] If the temporal gradient of the pipe temperature
does not differ more than the first threshold from the first
reference value, no micro-leakage is detected in step 26.
If the temporal gradient of the pipe temperature differs
more than the first threshold from the first reference val-
ue, and if there is still no fluid flow measured by the flow
meter 16, then in step 27 micro-leakage is detected.
[0036] In connection with the first embodiment, alter-
natively the pipe temperature sensor 17b may be used
for the measurement of the pipe temperature. Further
on, both pipe temperature sensors 17a, 17b may be used
and an average value may be calculated for the pipe
temperature.

[0037] The first reference value for the temporal gra-
dient of the pipe temperature may be determined as fol-
lows: If there is no fluid flow measured after the fluid flow
through the fluid pipe has been stopped, then calculate
and store the temporal gradient of the pipe temperature.
Calculate an average value from the stored temporal gra-
dients. Determine the first threshold from this average
value.

[0038] The average value may be multiplied by a se-
curity-factor to determine the first reference value. The
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calculated temporal gradient may only be stored and
used to calculate the average value if the calculated tem-
poral gradient is within a range around a previously cal-
culated temporal gradient or within a range around an
average value of previously stored temporal gradients.
[0039] Figure 5 shows a time diagram further illustrat-
ing the first embodiment of the invention. Figure 5 shows
as a function of the time t a fluid flow rate 50 and a pipe
temperature 51 measured by the pipe temperature sen-
sor 17a.

[0040] At point of times t1, t3 and t5 a respective fluid
flow 50 through the fluid pipe 12 starts. At point of times
t2, t4 and t6 the respective fluid flow 50 through the fluid
pipe 12 stops.

[0041] After the fluid flow through the fluid pipe 12 has
been stopped at the point of times t2, t4 and t6, the tem-
poral gradient 52 of the pipe temperature 51 is calculated.
If the calculated temporal gradient 52 of the pipe temper-
ature 51 differs more than the first threshold from the first
reference value, and if there is no flow measured by the
flow meter 16, then micro-leakage is detected.

[0042] In Figure 5, the temporal gradients 52 calculat-
ed at point of times t2, t4 do not differ more than the first
threshold from the first reference value. So, no micro-
leakage is detected at point of times t2, t4. The temporal
gradient 52 calculated at point of times t6 differs more
than the first threshold from the first reference value. So,
micro-leakage 53 is detected at point of times t6. The
first reference value may correspond to the average of
the temporal gradients 52 calculated at point of times t2,
t4.

[0043] As mentioned above, a second embodiment of
the invention makes use of the firstand second pipe tem-
perature sensors 17a, 17b and of the flow meter 16.
[0044] In this second embodiment the pipe tempera-
ture of the fluid pipe 12 is measured by the first pipe
temperature sensor 17a and by the second pipe temper-
ature sensor 17b being positioned at different locations
of the fluid pipe 12. The pipe temperature sensors 17a
and 17b have a different distance to the fluid valve 14.
The pipe temperature sensor 17b is positioned closer to
the fluid valve 14 than the pipe temperature sensor 17a.
The distance between the pipe temperature sensors 17a
and 17b may be at least 20 cm.

[0045] When there is no fluid flow measured by the
flow meter 16 for a defined time interval, a difference
between the pipe temperatures measured by the firstand
second pipe temperature sensors 17a and 17b is calcu-
lated. If the difference between these pipe temperatures
differs more than a second threshold from a second first
reference value, and if there is no flow measured by the
flow meter 16, then micro-leakage is detected.

[0046] Figure 3 shows a signal flow diagram for the
second embodiment of the invention.

[0047] In step 30 the flow meter 16 measures the fluid
flow though the fluid pipe 12. In step 31 the first pipe
temperature sensor 17a measures the pipe temperature
of the fluid pipe 12. In step 32 the second pipe temper-
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ature sensor 17b measures the pipe temperature of the
fluid pipe 12.

[0048] In step 33 itis determined if the flow meter 16
measures no fluid flow through the pipe. If this is not the
case, the method goes back to step 30. If this is the case,
the method goes to step 34.

[0049] In step 34 itis determined if the flow meter 16
measured no fluid flow through the fluid pipe 12 for a
defined time interval. If this is not the case, the method
goes back to step 30. If this is the case, the method goes
to step 35.

[0050] In step 35 the temperature difference between
the pipe temperatures measured by the first and second
pipe temperature sensors 17a and 17b is calculated.
[0051] Then, in step 36 it is determined if this temper-
ature difference differs more than a second threshold
from the second reference value or not.

[0052] If this temperature difference does not differ
more than the second threshold from the second refer-
ence value, no micro-leakage is detected in step 37.
[0053] If this temperature difference differs more than
the second threshold from the second reference value,
and if there is still no fluid flow measured by the flow
meter 16, then in step 38 micro-leakage is detected.
[0054] The second reference value is determined as
follows: If there is no fluid flow measured for the defined
time interval, then calculate and store the difference be-
tween the pipe temperatures measured by the first and
second pipe temperature sensors 17a, 17b. Calculate an
average value from the stored differences Determine the
second threshold from this average value.

[0055] The average value may be multiplied by a se-
curity-factor to determine the second reference value.
The calculated difference may only be stored and used
to calculate the average value if the calculated difference
is within a range around a previously calculated differ-
ence or within a range around an average value of pre-
viously stored differences.

[0056] Figure 6 shows a time diagram further illustrat-
ing the second embodiment of the invention. Figure 6
shows as a function of the time t a fluid flow rate 60 and
pipe temperatures 62, 63 measured by the pipe temper-
ature sensors 17a, 17b.

[0057] At point of times t1, t3 and t5 a respective fluid
flow 60 through the fluid pipe 12 starts. At point of times
t2, t4 and t6 the respective fluid flow 60 through the fluid
pipe 12 stops.

[0058] When there is no fluid flow measured by the
flow meter 16 for a defined time interval after the fluid
flow through the fluid pipe 12 has been stopped at the
point of times t2, t4 and t6, a temperature difference 63
between the pipe temperatures 61, 62 measured by the
first and second pipe temperature sensors 17a, 17b is
calculated.

[0059] If the temperature difference 63 between the
pipe temperatures 61, 62 differs more than the second
threshold from the second reference value, and if there
is no flow measured by the flow meter 16, then micro-
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leakage 64 is detected.

[0060] InFigure 6, the temperature differences 63 cal-
culated a defined time interval after the point of times t2,
t4 do not differ more than the second threshold from the
second reference value. So, no micro-leakage is detect-
ed. The temperature difference 63 calculated a defined
time interval after the point of time t6 differs more than
the second threshold from the second reference value.
So, micro-leakage 64 is detected. The second reference
value may correspond to the average of the temperature
differences 63 calculated the defined time interval after
the point of times t2, t4.

[0061] The above first and second embodiments are
preferred. The same do not require the measurement of
the ambient temperature. Such an ambient temperature
independent micro-leakage detection is very simple and
reliable.

[0062] Itis possible to use the first and second embod-
iment in combination. So, micro-leakage may be detect-
ed if the temporal gradient of the pipe temperature differs
more than the first threshold from the first reference value
or if the difference between the pipe temperatures differs
more than the second threshold from the second refer-
ence value.

[0063] A third embodiment makes use of the ambient
temperature sensor 18.

[0064] In this third embodiment, the ambient temper-
ature is measured by the ambient temperature sensor
18. When there is no fluid flow measured by the flow
meter 16 for a defined time interval, then a difference
between the pipe temperature and the ambient temper-
ature is calculated. If the difference between the pipe
temperature and the ambient temperature differs more
than a third threshold from a third reference value, and
if there is still no flow measured by the flow meter 16,
then micro-leakage is detected.

[0065] Figure 4 shows a signal flow diagram for the
third embodiment of the invention.

[0066] In step 40 the flow meter 16 measures the fluid
flow though the fluid pipe 12. In step 41 at least one of
pipe temperature sensors 17a, 17b measures the pipe
temperature. In step 42 the ambient temperature sensor
18 measures the ambient temperature.

[0067] In step 43 it is determined if the flow meter 16
measures no fluid flow through the fluid pipe 12. If this is
not the case, the method goes back to step 40. If this is
the case, the method goes to step 44.

[0068] In step 44 it is determined if the flow meter 16
measured no fluid flow through the fluid pipe 12 for a
defined time interval. If this is not the case, the method
goes back to step 40. If this is the case, the method goes
to step 45.

[0069] In step 45 the temperature difference between
the pipe temperature measured by the respective pipe
temperature sensor 17a, 17b and the ambient tempera-
ture measured by the ambient temperature sensor 18 is
calculated.

[0070] Then, in step 46 it is determined if this temper-
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ature difference differs more than a third threshold from
the third reference value or not.

[0071] If this temperature difference does not differ
more than the third threshold from the third reference
value, no micro-leakage is detected in step 46.

[0072] If this temperature difference differs more than
the third threshold from a third reference value, and if
there is still no fluid flow measured by the flow meter 16,
then in step 47 micro-leakage is detected.

[0073] The third threshold for the difference between
the pipe temperature and the ambient temperature may
be determined as follows: If there is no fluid flow meas-
ured for the defined time interval, then calculate and store
the difference between the pipe temperature and the am-
bient temperature. Calculate an average value from the
stored differences. Determine the first threshold from this
average value. The average value may be multiplied by
a factor to determine the third reference value. The cal-
culated difference may only ce stored and used to cal-
culate the average value if the calculated difference is
within a range around a previously calculated difference
or within a range around an average value of previously
stored differences.

[0074] Figure 7 shows a time diagram further illustrat-
ing the third embodiment of the invention. Figure 7 shows
as a function of the time t a fluid flow rate 70 and a tem-
perature difference 71 between the pipe temperature
measured by one of the pipe temperature sensors 17a,
17b and the ambient temperature.

[0075] At point of times t1, t3 and t5 a respective fluid
flow 70 through the fluid pipe 12 starts. At point of times
t2, t4 and t6 the respective fluid flow 70 through the fluid
pipe 12 stops. When there is no fluid flow measured by
the flow meter 16 for a defined time interval after the fluid
flow through the fluid pipe 12 has been stopped at the
point of times t2, t4 and t6, the temperature difference
71 is determined. If the temperature difference 71 be-
tween the pipe temperature and the ambient temperature
differs more than the third threshold from the third refer-
ence value, and if there is no flow measured by the flow
meter 16, then micro-leakage 73 is detected.

[0076] In Figure 7, the values V1, V2 of temperature
difference 71 determined a defined time interval after the
pointoftimes t2, t4 do notdiffer more than the third thresh-
old from the third reference value. So, no micro-leakage
is detected. The value V3 of the temperature difference
71 determined a defined time interval after the point of
time t6 differs more than the third threshold from the third
reference value. So, micro-leakage 72 is detected. The
third reference value may correspond to the average of
the temperature difference values V1, V2 calculated the
defined time interval after the point of times t2, t4.
[0077] It is possible to use the third embodiment in
combination with the first and/or second embodiment.
So, micro-leakage may be detected if the temporal gra-
dient of the pipe temperature differs more than the first
threshold from the first reference value or if the difference
between the pipe temperature and the ambient temper-
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ature differs more than the third threshold from the third
reference value. Further on, micro-leakage may be de-
tected if the difference between the two pipe tempera-
tures differs more than the second threshold from the
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52 temporal gradient

53 micro-leakage

60 fluid flow rate

61 pipe temperature

62 pipe temperature

63 temperature difference
64 micro-leakage

70 fluid flow rate

71 temperature difference
72 micro-leakage

Claims

second reference value or if the difference between the 5
pipe temperature and the ambient temperature differs
more than the third threshold from the third reference
value.
[0078] The invention allows micro-leakage detection
in the magnitude of less than 1 liter per hour. 10
List of reference signs
[0079]
15
10 fluid flow system
11 building
12 fluid pipe
13 main water pipe
14 fluid valve 20
15 apparatus
15a interface
15b interface
15¢ interface
15d  processor 25
15e  memory
16 flow meter
17a  pipe temperature sensor
17b  pipe temperature sensor
18 ambient temperature sensor 30
20 step
21 step
22 step
23 step
24 step 35
25 step
26 step
27 step
30 step
31 step 40
32 step
33 step
34 step
35 step
36 step 45
37 step
38 step
40 step
41 step
42 step 50
43 step
44 step
45 step
46 step
47 step 55
48 step
50 fluid flow rate
51 pipe temperature

1. Method for micro-leakage detection in a fluid system
(10), especially in a potable water system installed
in a building (11),

wherein the fluid system (10) has a fluid pipe
(12) with a fluid valve (14),

wherein a fluid flow through the fluid pipe (12)
is stopped when the fluid valve (14) is closed,
and

wherein a fluid flow through the fluid pipe (12)
is allowed when the fluid valve (14) is opened,

the method comprising the following steps:

measuring the fluid flow through the fluid pipe
(12) by a flow meter (16),

measuring the pipe temperature of the fluid pipe
(12) by at least one pipe temperature sensor
(17a, 17b),

when there is no fluid flow measured by the flow
meter (16), analyzing the pipe temperature for
the micro-leakage detection.

2. Method as claimed in claim 1, characterized by the
following steps:

when there is no fluid flow measured by the flow
meter (16) after the fluid flow through the fluid
pipe (12) has been stopped, calculating a tem-
poral gradient of the pipe temperature,

if the calculated temporal gradient of the pipe
temperature differs more than a first threshold
from a first reference value, and if there is no
flow measured by the flow meter (16), then de-
tect micro-leakage.

3. Method as claimed in claim 2, characterized in that
the first reference value is determined as follows:

if there is no fluid flow measured after the fluid
flow has been stopped, then calculate and store
the temporal gradient of the pipe temperature,
calculate an average value from the stored tem-
poral gradients,
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determine the first threshold from this average
value.

Method as claimed in claim 3, characterized in that
the calculated temporal gradient is only stored and
used to calculate the average value if the calculated
temporal gradient is within a range around a previ-
ously calculated temporal gradient or within a range
around an average value of previously stored tem-
poral gradients.

Method as claimed in claim 3 or 4, characterized in
that the average value is multiplied by a factor to
determine the first reference value.

Method as claimed in one of claims 1 to 5, charac-
terized by the following steps:

measuring the pipe temperature of the fluid pipe
(12) by afirst pipe temperature sensor (17a) and
by a second pipe temperature sensor (17b) be-
ing positioned at different locations of the fluid
pipe (12),

when there is no fluid flow measured by the flow
meter (16) for a defined time interval, calculating
a difference between the pipe temperatures
measured by the first and second pipe temper-
ature sensors (17a, 17b),

if the difference between the pipe temperatures
differs more than a second threshold from a sec-
ondreference value, andif there is no flow meas-
ured by the flow meter (16), then detect micro-
leakage.

Method as claimed in claim 6, characterized in that
the second reference value is determined as follows:

if there is no fluid flow measured for the defined
time interval, then calculate and store the differ-
ence between the pipe temperatures measured
by the first and second pipe temperature sen-
sors (17a, 17b),

calculate an average value from the stored dif-
ferences,

determine the second threshold from this aver-
age value.

Method as claimed in claim 7, characterized in that
the average value is multiplied by a factor to deter-
mine the second reference value.

Method as claimed in one of claims 1 to 8, charac-
terized in that the micro-leakage detection is ambi-
ent temperature independent.

Method as claimed in one of claims 1 to 8, charac-
terized by the following steps:
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1.

12.

13.

14.

15.

measuring an ambient temperature by at least
one ambient temperature sensor (18),

when there is no fluid flow measured by the flow
meter (16) for a defined time interval, calculating
a difference between the pipe temperature and
the ambient temperature,

if the difference between the pipe temperature
and the ambient temperature differs more than
a third threshold from a third reference value,
and if there is no flow measured by the flow me-
ter (16), then detect micro-leakage.

Method as claimed in claim 10, characterized in
that

the third reference value for the difference between
the pipe temperature and the ambient temperature
is determined as follows:

if there is no fluid flow measured for the defined
time interval, then calculate and store the differ-
ence between the pipe temperature and the am-
bient temperature,

calculate an average value from the stored dif-
ferences,

determine the third threshold from this average
value.

Method as claimed in claim 11, characterized in
that

the calculated difference is only stored and used to
calculate the average value if the calculated differ-
ence is within a range around a previously calculated
difference or within arange around an average value
of previously stored differences.

Method as claimed in claim 11 or 12, characterized
in that the average value is multiplied by a factor to
determine the third reference value.

Apparatus (15) for micro-leakage detection in a fluid
system, especially in a potable water system in-
stalled in a building, the apparatus having:

an interface (15a) being configured to receive a
signal from a flow meter (16) measuring the fluid
flow through a fluid pipe (12) of the fluid system,
an interface (15b) being configured to receive a
signal from atleast one pipe temperature sensor
(17a, 17b) measuring the pipe temperature of
the fluid pipe (12),

a processor (15d) being configured to detect mi-
cro-leakage by analyzing the pipe temperature
when there is no fluid flow measured by the flow
meter (16).

Apparatus as claimed in claim 14, characterized in
that the same is configured to execute the method
as claimed in one of claims 1 to 13.



EP 3 913 346 A1

S

W
i
i

¥

' ';}“* A5e
© M‘ 5 A5 |
KW e T AS
Ao |47 j,
~ A2 —
! A3 )
‘““JF.'-'\")./{
' ~ 20
L J i 24
22
273
26 ~ .——¢—, +~27
25



EP 3 913 346 A1

~+ 30
l
PN 3/1
i 4 - 31
a3
34
1 3s
s
33 & .
k \
26 1
F7.3
! -
k4 (‘”MHA
ny
93
4y
{3 G
( ~<l;f>%¥
\N -




EP 3 913 346 A1

AN «’”\;”J”xwf“

1 47

é3

€Y

10

A

& &6 2
<3

E



EP 3 913 346 A1

66

co

€1 ¢

€3 ¢y

1"



EP 3 913 346 A1

> ¢

>¢

| v | /2
- - 7o
/ -
o
e
th 2 £3 4 & éé‘/
2.

12



10

15

20

25

30

35

40

45

50

55

Européisches
Patentamt
European
Patent Office
Office européen

des brevets

[

EPO FORM 1503 03.82 (P04C01)

EP 3 913 346 A1

EUROPEAN SEARCH REPORT

Application Number

EP 20 17 5432

DOCUMENTS CONSIDERED TO BE RELEVANT

Cat Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
alegory of relevant passages to claim APPLICATION (IPC)
X,D |US 2019/128762 Al (BAILEY SAMUEL [GB] ET |[1,2,10, | INV.
AL) 2 May 2019 (2019-05-02) 11,14,15 GO1M3/28
Y * the whole document * 3,4,6,7, GO1IM3/00
12
A 5,8,9,13 ADD.
----- GO1F1/684
X EP 2 180 304 Al (GEN ELECTRIC [US]) 1,14,15
28 April 2010 (2010-04-28)
* abstract; figures *
* paragraphs [0002], [0008], [0016] -
[0018], [0020] *
X GB 2 572 274 A (HOMESERVE PLC [GB]) 1,14,15
25 September 2019 (2019-09-25)
* the whole document *
Y US 4 336 708 A (HOBGOOD TERRY W ET AL) 3,4,6,7,
29 June 1982 (1982-06-29) 12

* abstract; figures *

* column 1, lines 23-51 *

* column 2, lines 16-41 *

* column 3, 1line 4 - column 5, line 42 *

TECHNICAL FIELDS
SEARCHED (IPC)

----- GO1M
GO1F
GO1P
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 15 October 2020 Stavroulis, Stefanos

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

P : intermediate document document

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

13




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 913 346 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 20 17 5432

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

15-10-2020
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2019128762 Al 02-05-2019 AU 2016384312 Al 26-07-2018
CN 108700611 A 23-10-2018
CN 208888271 U 21-05-2019
EP 3243080 Al 15-11-2017
EP 3400448 Al 14-11-2018
GB 2533936 A 13-07-2016
GB 2553681 A 14-03-2018
US 2018010978 Al 11-01-2018
US 2018313714 Al 01-11-2018
US 2019128762 Al 02-05-2019
WO 2016110696 Al 14-07-2016
WO 2017118834 Al 13-07-2017

EP 2180304 Al 28-04-2010 CN 101726408 A 09-06-2010
EP 2180304 Al 28-04-2010
JP 5547945 B2 16-07-2014
JP 2010101492 A 06-05-2010
US 2010106434 Al 29-04-2010
US 2010154515 Al 24-06-2010

GB 2572274 A 25-09-2019  NONE

US 4336708 A 29-06-1982  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

14




EP 3 913 346 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 US 20190128762 A1 [0002] » JP 6611650 B [0003]
 US 10527516 B2 [0003]

15



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

